ABSTRACT: The role of transition environments, such as lagoons or deltas, in shaping the geographical pattern of genetic variability may be investigated through the analysis of population structure in the species living in these habitats. Several fish species are strictly bound to deltas or coastal lagoons for at least part of their life cycle. This paper reports the analysis of mitochondrial DNA variability in several populations of Atherina boyeri (Risso, 1810) sampled along the north Mediterranean coasts from the Atlantic Ocean to the Black Sea. The results show a high genetic structure among populations, probably due to the deep fragmentation of the lagoon environments in which this species spends most of its life cycle. On the other hand, a clear phylogeographic pattern and a significant positive correlation between genetic and geographical distances support the hypothesis of gene flow among populations, probably due to an imprecise anadromic behaviour from the lagoons to the close coastal sea, which allows for an exchange of individuals between contiguous populations. Our results are in good agreement with those previously obtained on the same species by RAPD techniques. Our analysis among different Atherina genera are also compatible with the most recent classification of these species based on morphological and genetic characters.
INTRODUCTION
The role of physical and geographical factors in shaping the distribution of genetic variability is especially relevant for species closely bound to discontinuous habitats such as coastal lagoons (Sinclair & Iles 1988 , 1989 . Besides geographical fragmentation, these environments are characterised by relevant variability of chemical and physical parameters: the species inhabiting them are exposed to strong evolutionary pressures (Bamber & Henderson 1988 ). All these factors may result in a high degree of population structure, and the genetic analysis of lagoon species may help to describe the phylogeographic effects of these environments.
Many fish species are closely linked to lagoon environments for at least part of their life cycle. Their subdivision in genetically distinct populations is the result of 2 opposite influences: the tendency to isolation from habitat fragmentation and the tendency to homogeneity due to migrations, which are related to the dispersal ability of the species (Ward et al. 1994) . A relevant role may also be played by oceanographic features, such as physical-chemical parameters or currents, which may ease or obstruct migratory movements, thus contributing to shape phylogeographic patterns.
The sand smelt Atherina boyeri is a very common species in the Mediterranean Sea. Individuals of this species spend a relevant part of their life cycle within brackish coastal environments (Bamber & Henderson 1988 ) where they represent a relevant resource for predators and, mainly in the Adriatic Sea, for fisheries. Adults spawn in inshore shallow waters, and the eggs are attached to seaweed or rocks to avoid dispersion. During larval and juvenile stages the fishes reside within lagoons. Only adults, during cold months, leave the inshore waters and move toward the sea until the next reproductive season (Henderson & Bamber 1987 , Henderson et al. 1988 , Mistri & Colombo 1988 . Due to the low dispersal capability of these small fishes, the percentage of animals re-entering the native lagoons is probably very high, as is also confirmed by morphological studies (Berrebi & Britton-Davidian 1980) ; this may have the same demographic effect of a homing behaviour, limiting gene flow among sites. A clear genetic structure among A. boyeri populations from different lagoons was indeed recently observed along the Italian coasts using random amplified polymorphic DNA (RAPD) markers (Congiu et al. 2002) . However, a significant correlation between genetic and geographical distances among the sampled populations was found, thus suggesting the presence of some migratory movements along the coastal line. Occasional exchanges of individuals among populations could be favoured by the annual migration of adults toward the coastal sea during the cold season, establishing a pattern of isolation by distance along the coasts.
This observation contrasts with the results obtained for another atherinid species (Odontesthes argentinensis) inhabiting the Atlantic coasts of Brazil and Argentina, for which no significant correlation between genetic and geographical distances was observed, when estuarine populations were compared (Beheregaray & Sunnucks 2001) . On the other hand, marine populations, which are considered to have recently colonised the estuaries, showed a clear geographical structure of genetic variants (Beheregaray & Sunnucks 2001) . This pattern was considered the product of the rapid adaptive divergence and consequent reproductive isolation of the estuarine populations in the face of potential gene flow along the coastal line (Beheregaray & Sunnucks 2001) .
The presence of an isolation-by-distance pattern in the Italian populations of Atherina boyeri (Congiu et al. 2002) seems to indicate that the homogenising effect of gene flow counteracts the reproductive isolation as a consequence of adaptive divergence in this region. However, the reduced geographical scale of this study (Congiu et al. 2002) , as well as the large size of the sampled populations, may have affected our conclusions.
To investigate the genetic relationships among Atherina boyeri populations at a larger geographical scale, we sampled 12 lagoons along the north Mediterranean coasts from the Atlantic Ocean to the Black Sea. We also typed a different genetic marker in these samples, i.e. sequences of the mtDNA control region, to determine whether the results previously obtained with RAPD markers could find additional support (Congiu et al. 2002) . The application of RAPD analysis to population-genetic studies has often been criticised because of limited data reproducibility and because of the 'dominant' nature of its markers (MacPherson et al. 1993 , Micheli et al. 1994 , Rieseberg 1996 . The comparison of the results obtained by mitochondrial markers with those previously yielded by RAPD analysis may provide interesting information about the usefulness, reliability and consistency of the 2 approaches.
One relevant result obtained by RAPD analyses of Italian sand smelt populations was the high genetic distance which separates the Marsala population (southern Sicily) from all the other populations (Congiu et al. 2002) . A possible explanation for this finding could be the presence of migratory movement across the Sicily channel from Tunisia toward southern Sicilian coasts. This hypothesis is supported by the results observed in another lagoon fish species, Aphanius fasciatus, in which the population from the Marsala lagoon was found to be more similar to Tunisian populations than to Italian ones (Maltagliati 1999) . Since these 2 species exhibit low dispersal capabilities, these migrations should be prompted by marine currents. To test the above hypothesis, a few Atherina boyeri individuals from a Tunisian lagoon were included in some analyses. If the genetic similarity between the north African and the Marsala populations found in A. fasciatus is observed also in the sand smelt, this may confirm the usefulness of the interspecific approach. Indeed, the same phylogeographic pattern observed in different species should represent a relevant insight into the factors that shape the distribution of genetic diversity across the Mediterranean Sea.
The taxonomic relationships within genus Atherina are controversial due to the high morphological variability which characterises these fishes (Kiener & Spillmann 1969 , 1972 , Marfin 1982 , Bamber & Henderson 1988 , Creech 1991 , 1992 . Phenotypic polymorphism is especially high in A. boyeri. Before 1969 nearly 20 distinct species were described in the literature until Kiener & Spillman (1969 , 1972 (KlossaKilia et al. 2002 , Trabelsi et al. 2002a , 2002b . According to these studies, based on both morphological and molecular data, the species known as A. boyeri should be considered as a complex of 3 different species (2 marine and 1 living in lagoons), which should be renamed according to their distribution and to the presence of dark spots along the lateral line. The 1st species (A. boyeri ) would be composed of non-punctuated (non-spotted) marine individuals, the 2nd species (A. punctata) of punctuated marine individuals and the 3rd species (A. lagunae) of lagoon individuals. This paper focuses on the comparison of lagoon samples which, if the above revision of the genus is accepted, should be considered Atherina lagunae. Until then, though, we should consider these samples as A. boyeri lagoon populations. The 2 newly proposed marine species, included in our dataset with only 1 specimen each, kindly provided by Dr. M. Trabelsi, University of Tunis, will be indicated as nonpunctuated and punctuated forms. The analysis of these 2 samples and of the non-A. boyeri ones should not be regarded as an insight into the phylogenetic relationships among the Atherina spp.; for this purpose, a more extended sample collection should be performed. Our goal was to verify the presence of a clear genetic differentiation among our lagoon samples and the other species (either recognised or putative) through the analysis of the mitochondrial control region. This could, in turn, support the reliability of this marker as a tool for taxonomical investigations within genus Atherina.
MATERIALS AND METHODS
Sample collection. Twelve sand smelt populations were sampled in 2 Atlantic, 9 Mediterranean and 1 Black Sea lagoons ( Fig. 1 shows 12 sites) . The 1st Atlantic population was sampled in the Tago River estuary in Portugal and the 2nd one in the Zonar lagoon, connected to the Guadalquivir River in Spain. The other lagoons analysed were Or and Fucecchio along the continental Tyrrhenian coast; Cagliari on Sardinia island; Marsala and Faro on Sicily island; Acquatina, Scardovari and Spalato along the Adriatic Sea coast; and the Danube Delta in the Romanian Black Sea coast. For each of the above populations, 10 individuals were sampled.
The hypothesis of genetic contact between the coasts of Tunisia and Sicily was tested by typing 6 specimens from a Tunis lagoon. Unfortunately, it was not possible to obtain more individuals from this locality; therefore, the Tunis population was excluded from some data analyses because of the low sample size. Phylogenetic analyses of the sampled individuals were completed by the inclusion of specimens of the punctuated and non-punctuated forms of Atherina boyeri sampled in Corsica, as well as several specimens of 3 populations of A. hepsetus sp. (Cagliari, Spalato and Lampedusa) and 2 populations of A. presbyter sp. (Arcachon and Swansea) (Fig. 1) .
Within a few hours of capture, the fishes were cut into 3 to 4 pieces, separately preserved in ethanol and stored at -20°C until DNA extraction.
DNA extraction. Approximately 200 mg of head tissue, cleaned from skin and scales, were frozen in liquid nitrogen, ground and resuspended in an extraction buffer (100 mM Tris HCl, 1% SDS, 100 mM NaCl, 10 mM EDTA, pH 8). Three extraction steps were performed with equal volumes of phenol, phenol-chloroform-isoamyl alcohol (25:24:1) and chloroform-isoamyl alcohol (24:1) respectively. DNA was precipitated with 2 volumes of absolute ethanol and 1/10 volume of 3 M Na acetate, washed in 70% ethanol, dried and resuspended in TE buffer (10 mM Tris-HCl, 1 mM EDTA, pH 8.0). Tunisian samples and the punctuated and non-punctuated forms were obtained as already purified DNA.
DNA amplifications. Approximately 400 bp of the mitochondrial control region, including the first hypervariable region (HVR1), were amplified using the following primers: Lpro 2 (AACTCCCACCACTAACT-CCCAAAGC) and Hdl 1 (CCTGAAGTAGGAACCA-GATGCCAG). Reactions were performed in a total volume of 25 µl with the following final concentrations: 10 mM Tris (pH 9), 50 mM KCl, 1.5 mM MgCl 2 , 200 µM for each dNTP, and 10 pmoles for each primer. For each reaction, 1 U of Taq DNA polymerase (Amersham Biosciences) and about 100 ng of template were used.
A thermal cycler Gene Amp PCR System 9700 (Perkin Elmer) was used for amplifications with the following parameters: 2 min of denaturation at 94°C, followed by 25 cycles of 30 s at 94°C, 45 s at 55°C and 45 s at 72°C. The last cycle was followed by 5 min at 72°C. In each thermal cycling a negative control (water instead of template) was included to rule out amplification products due to external contamination. The amplified fragments were purified by the ExoSap-IT kit (Amersham Biosciences). The reaction products were directly sequenced for both forward and reverse strands with the amplification primers using an automated DNA sequencer ABI PRISM 3730XL (Applied Biosystems) (sequencing service: BMR Bio Molecular Research, CRIBI, Padova, Italy). Multiple sequence alignment was performed using the Clustal X program (Thompson et al. 1997) and visually verified on a chromatogram. (GenBank accession number: DQ102774 to DQ102851) Data analyses. Genetic relationships among the haplotypes observed in the 12 lagoons were sum-marised by a neighbour-joining tree (Saitou & Nei 1987 ) based on Kimura's 2 parameter distances (Kimura 1980 ) using the PHYLIP package (Felsenstein 1993) . To avoid sample classification errors and to test the usefulness of the mitochondrial control region in solving taxonomical issues of this systematic group (Trabelsi et al. 2002a,b) , we included in this tree the haplotypes found in punctuated and non-punctuated specimens, originally thought to be Atherina boyeri (Trabelsi et al. 2002a,b) , as well as those observed in several individuals from A. hepsetus and A. presbyter. Finally, the 6 individuals from the Tunisian population were also analysed to test the presence of a gene flow from African coasts to Sicily (Congiu et al. 2002) . Sequences of 4 Atherinomorpha spp. were used as outgroups: 1 (Exocoetus volitans) belonging to the family Exocoetidae and 3 (Atherinosoma elongate, Leptatherina presbyteroides and Leptatherina wallacei ) belonging to the family Atherinidae (GenBank accession numbers NC003184, AY313135, AY325980 and AY326789 respectively). Bootstrap resampling of the original haplotypes (1000 replicates) was performed to evaluate the robustness of the tree topology (Felsenstein 1985) .
The reliability of the neighbour-joining method in representing the genetic relationships among haplotypes was checked by a maximum-likelihood method, also implemented in the PHYLIP package (Felsenstein 1993) . To infer haplotype relationships, statistical parsimony (Templeton et al. 1992 ) was also applied using TCS software (Clement et al. 2000) .
For 11 lagoons (Tunis excluded), we computed some measures of within-population variability (gene diversity, H ) and mean number of pairwise differences (π) using Arlequin software v.2.0 (Schneider et al. 2000) . We attempted to gain some insight into the past demographic history of the Adriatic-Ionian region by calculating the mismatch distribution on the pooled populations. Irregular and multimodal distribution of pairwise differences between sequences is indeed expected in stationary or shrinking populations, whereas a smooth, unimodal shape is typical of expanding populations (Rogers & Harpending 1992 , Rogers et al. 1996 , Excoffier & Schneider 1999 ). Departures from mutation-drift or mutation-selection equilibrium were tested on pooled Adriatic and Faro populations using Tajima's D (Tajima 1989 (Schneider et al. 2000) . For both of these 2 indices and for mismatch distribution analysis, the criterion adopted to pool the populations was the non-significance of pairwise φ ST . These analyses were not individually performed on each population because of the small sample size.
Genetic divergence between populations was analysed using several different methods. The hierarchical components of mtDNA variation were computed under the analysis of molecular variance (AMOVA) framework (Excoffier et al. 1992 , Schneider et al. 2000 . Pairwise comparisons between populations were performed by computing φ ST distances based on Kimura's 2 parameter distances among haplotypes. For both the AMOVA analyses and the computations of φ ST distances between lagoons, the heterogeneity of mutation rates across mtDNA sites was taken into account by assuming a gamma distribution of rates (Hasegawa et al. 1993 ) with parameter α = 0.12. The value for α was estimated by a maximum-likelihood method with PAML software, v.3.11 (Yang & Kumar 1996) , from the total set of haplotypes observed in the samples.
A multidimensional scaling was reconstructed using the matrix of φ ST distances between populations. Mantel tests were performed to measure the correlation between φ ST distances and geographic distance matrices using the Arlequin package (Schneider et al. 2000) . The significance of the correlation was assessed by performing 1000 permutations of original distance matrices. Geographic distances were computed along the coast on a 1:20 000 000 scale map of Europe.
We used the SAMOVA approach (Dupanloup et al. 2002) to define groups of lagoon populations which are geographically and genetically homogeneous and maximally differentiated from each other. The method is based on a simulated annealing procedure which aims at maximising the proportion of total genetic variance due to differences among groups of populations.
RESULTS

Differences among mtDNA haplotypes
The numbered list of haplotypes is reported in A. boyeri) ; the 4th one includes the 2 sequences observed in the punctuated and non-punctuated specimens, provisionally supporting the hypothesis of a division of A. boyeri into distinct species (Trabelsi et al. 2002a,b) . The haplotypes found in the 12 sampled lagoons are distributed in the tree according to geographical location, as also confirmed by the network shown in Fig. 3 . However, the absence of shared haplotypes among lagoons, except 2 (AcquatinaScardovari and Faro-Scardovari), can be ascribed to non-extensive gene flow among populations.
The clustering of Marsala haplotypes with the Tunisian sequences is compatible with 2 non-mutually exclusive hypotheses: (1) the Mediterranean Sea between the Tunisian and Sicilian coasts does not constitute a strong barrier to migration and/or (2) the common origin of Tunisian and Sicilian populations is relatively recent. Two specimens sampled in Cagliari fall within the Marsala-Tunisian cluster, suggesting genetic contact among Tunisia, Sicily and Sardinia.
The Danube haplotypes constitute a distinct genetic group, well supported by bootstrap resampling (1000/1000), in agreement with the peripheral position of this sampling site in our study area. 
Population analysis
Genetic diversity. In the lagoon samples, gene diversity (H ) ranges between 0.200 (Zonar) and 0.978 (Or, Danube, Scardovari) ( Table 2 ). Genetic variability is lower in the Atlantic Ocean (only 2 haplotypes in 10 individuals are found in the Tago and Zonar samples) than in the Mediterranean and Black Sea. The mean number of pairwise differences ( ⎯ π ) is higher in Spalato, Faro and Cagliari, in agreement with the haplotype tree (Fig. 2) , showing extensive divergence between the HVR1 sequences found in these lagoons.
Mismatch distributions and neutrality tests. A bimodal mismatch distribution, as well as negative and significant Fu's Fs values (Table 2) is observed in the Adriatic populations, as well as in the Faro population, if all 40 corresponding individuals are included in the analyses. When Haplotype 15 from the Spalato population is excluded, the mismatch distribution becomes unimodal (Fig. 4) . Note that this individual is included within the Danube haplotype cluster in the neighbourjoining tree shown in Fig. 2 and in the haplotype network (Fig. 3) . 
Population differentiation
The partition of total genetic variance into 2 components (within and among lagoons) confirms the presence of a strong genetic structure in Atherina boyeri (φ ST = 0.766, p < 0.001). The multidimensional scaling (Fig. 5) confirms the genetic peculiarities of the Danube and Marsala lagoons and the high homogeneity of the Adriatic and Ionian samples. Genetic and geographic distances are significantly correlated (r = 0.462, p = 0.033), but if we remove the Marsala sample from the analysis, the correlation is stronger (r = 0.698, p < 0.001).
A strong genetic structure is recognised by the SAMOVA approach, which allows one to identify groups of samples matching those which are best supported by genetic data (Table 3) . The Danube and Marsala lagoons are defined as outliers, and 3 groups of samples are defined. The 1st one is composed of the Adriatic and Ionian samples, the 2nd one of Sardinian and Tyrrhenian lagoons and the 3rd one of the Or sample and the Atlantic populations. These results are in good agreement with those obtained by statistical parsimony, represented in the network shown in Fig. 3 .
DISCUSSION
Relationships among Atherina species
The choice to analyse Atherina boyeri populations together with some samples of the other Mediterranean species of the genus Atherina (A. presbyter and A. hepsetus) was made in order to verify the reliability of the sample identifications. The extreme phenotypic plasticity and the high similarity among species made species identification difficult. Including individuals of the above groups enabled us to confirm the conspecificity of our samples, excluding the chance of classification errors: our cluster analysis revealed a clear genetic differentiation of the A. hepsetus and A. presbyter specimens, which thus belonged to independent clades, strongly supported by very high bootstrap values. All A. boyeri samples, collected within coastal lagoons, turned out to be monophyletic. According to the systematic revision of genus Atherina recently proposed (Klossa-Kilia et al. 2002 , Trabelsi et al. 2002a , our results showed that the 2 individuals of the punctuated and the non-punctuated forms are separate from the other samples, thus provisionally supporting the newly proposed classification. However, before fully accepting this taxonomical revision, an adequate number of samples should be analysed. The present study showed that the mitochondrial control region may be very useful in clarifying the systematics of genus Atherina. We accordingly recommend the use of this marker for this purpose.
Genetic relationships among Atherina boyeri populations
Our results showed that A. boyeri populations are highly structured genetic entities, as previously shown on the basis of nuclear DNA information (Congiu et al. 2002) . The overall φ ST value (φ ST = 0.766) estimated in the present study using mitochondrial sequences was, as expected, much higher than that previously estimated using RAPD markers (φ ST = 0.33). This should be ascribed to 2 different factors: (1) of effective population size when dealing with mitochondrial markers, with the consequent increase of corresponding φ ST values, and (2) the wider geographical scale of the present study compared to the previous one, in which only populations from Italian coasts were analysed. Notwithstanding this high genetic differentiation, a geographic pattern is detectable, as is clearly shown by the cluster analysis of haplotypes ( Fig. 2) , by the MDS plot (Fig. 5) , by SAMOVA results (Table 3) and by statistical parsimony (Fig. 3) . The SAMOVA technique, which allows one to recognise geographically homogeneous and highly differentiated groups of samples, identified 3 groups and 2 outliers in the 11 (Tunis excluded) sampled lagoons. The Marsala population, which showed genetic peculiarities, according to RAPD data (Congiu et al. 2002) , is defined as a first mitochondrial outlier. To explain this pattern, Congiu et al. (2002) suggested the presence of gene flow between Sicily and north African lagoons. This exchange of migrants could be favoured by the currents entering the Mediterranean Sea from the Atlantic Ocean (Astraldi & Gasparini 1994 ). This hypothesis is strongly supported by the results of a study performed on another typical species of Mediterranean lagoons, Aphanius fasciatus, in which the Marsala population was found to be genetically more similar to the Tunisian than to the Italian populations (Maltagliati 1999) . The clustering of Marsala haplotypes with north African mitochondrial sequences found in Tunisia (Fig. 2) confirmed this hypothesis. However, a common and recent origin of the 2 populations can also be invoked to explain this genetic similarity. No shared haplotypes have been found in the Marsala and Tunis individuals, and the high bootstrap value supporting the separation between Marsala and Tunis haplotypes, may favour this hypothesis.
A first group of samples recognised by the SAMOVA method included populations from the Adriatic and Ionian Seas (Acquatina, Scardovari, Spalato and Faro), which were also characterised by a high genetic homogeneity at the RAPD level. The genetic similarity among these populations is compatible with a recent and common ancestry of these populations followed by gene flow among them. Migratory movements in this region could indeed have been promoted by the presence of several estuarine systems along the Adriatic coasts and by the occurrence of a constant and significant coastal marine current, flowing anticlockwise in the Adriatic Sea.
A recent and common ancestry of these populations was also suggested by the fact that the Adriatic Sea emerged only after the last glacial maximum (Thiede 1978) . Accordingly, the estuarine and lagoon systems of this area should have been colonised by populations which probably originated in the Ionian Sea. The mismatch distribution (Fig. 4) is indeed compatible with a demographic expansion associated with the colonisation of a new geographical region (Excoffier 2004) .
Only Haplotype 15 from the Spalato population did not fit with the general pattern observed in the 4 Adriatic and Ionian populations. In the neighbour-joining tree (Fig. 2) , this haplotype was found in the cluster of Danube haplotypes (2nd outlier population according to SAMOVA results). Since sampling errors can be totally excluded, the occurrence in the Adriatic Sea of a haplotype within the range of Danube variability may appear odd, but it can be explained by migration events: the Black Sea is known to have been separated from the Mediterranean basin during the Pleistocene glacial eras, with the consequent isolation of its populations (Magoulas et al. 1996) . This allopatric evolution, which is probably the cause of the high genetic difference observed, was followed by a massive flooding of the eastern Mediterranean by large volumes of Black Sea low-salinity waters. This may have favoured flows from the Black Sea genetic pool to more western areas. The analysis of additional samples from the Aegean Sea could be very useful in confirming this hypothesis.
The 2 additional groups of populations identified by the SAMOVA technique include Atlantic and Tyrrhenian populations, the 1st one including Fucecchio and Cagliari and the 2nd one Zonar, Tago and Or. The unexpected grouping of the Or population with the Atlantic ones, notwithstanding the former's closer geographic location to Fucecchio and Cagliari, may be explained by a common origin of these populations. However, the analysis of additional populations along the French and Spanish Mediterranean coasts may help to support this finding. The geographically related pattern described above is well summarised also by the haplotype network shown in Fig. 3 The high genetic structure observed among the 12 analysed populations and the absence of shared haplotypes may support the hypothesis of low genetic flow along the coasts and suggest that the observed phylogeographic pattern is the result of colonisation events followed by the evolution of private haplotypes within the different lagoons. On the other hand, the positive and significant correlation between genetic and geographical distances, as well as the random distribution of sequences within some clusters (such as the Adriatic Sea one), may support the hypothesis of gene flow along the coastal line, not only along the Italian coasts (Congiu et al. 2002) , but also on a larger geographical scale. This result should probably be ascribed to occasional exchanges of individuals among populations during the cold season, when the sand smelt stocks migrate from the lagoons to the coastal sea. The observed pattern is probably the result of the combined action of both evolutionary and demographical processes.
The genetic divergence among populations of species inhabiting estuarine environments is the result of the concerted influence of different evolutionary and demographical factors, such as preadaptive plasticity, adaptive selection, genetic flow and genetic drift (Bamber & Henderson 1988 , Beheregaray & Sunnucks 2001 and references therein). The resulting geographical pattern of genetic variability, however, may be very different among species. In the South American atherinid Odontesthes argentinensis, for which estuarine and marine populations are present, a significant correlation between geographical and genetic distances was observed among the marine populations but absent among the estuarine ones (Beheregaray & Sunnucks 2001) . This is probably due to adaptive selection which, acting on the estuarine populations, promoted the divergence of estuarine ecotypes and life histories and their consequent reproductive isolation (Beheregaray & Sunnucks 2001) . In Atherina boyeri, by contrast, the anadromic behaviour tends to prevent a clear distinction between estuarine and marine populations, and the estuarine gene pools seem to be exposed to the homogenising effect of genetic flow among populations.
Besides life history and related demographical processes, the genetic diversity of Atherina boyeri has also been influenced by the geographical history of the Mediterranean Sea. The synergism between paleogeographical and demographic effects is especially clear in the Adriatic Sea zone, where postglacial colonisation occurred over a large area.
General considerations
The study of species strictly bound to transition environments may provide valuable information about the relationships among different lagoons, their relevance for biomass and biodiversity conservation and their role in shaping the distribution of genetic variability. Unfortunately, notwithstanding the high ecological and economic relevance of these environments, very few data on genetic variability of the species inhabiting them are available. Moreover, the discrete distribution of lagoon environments allows precise sample collection and increases the comparability of studies performed on different lagoon species collected in the same sites. A multispecies approach would help to understand the effect of environmental features or paleoclimatic events on the distribution of genetic variability, as shown by the comparison of Atherina boyeri and A. fasciatus phylogeographic patterns. This approach is therefore strongly recommended.
Once more it is clear that, besides a comparison among different species, a comparison of results obtained by different markers is also recommended. In this study, the reliability of our results gains support by their agreement with those obtained by RAPD analyses (Congiu et al. 2002) .
